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Extended Abstract

Background: Robot-assisted locomotion rehabilitation relies on two main classes of robotic orthoses for
gait training, i.e. (i) those conceived for Body-Weight Supported Treadmill Training (BWSTT) and (ii) the
ones that allow for Overground Gait Training (OGT). Despite the wide disposal of BWSTT, a recent study
highlights more relevant benefits from OGT: according to these results, OGT would further engage the user
in the task, requiring more active effort for taking every single step than what BWSTT does, since the
presence of the treadmill moving belt would not elicit high level control [1]. However, enabling technology
for OGT needs to meet much more demanding specifications: portable yet light-weight devices are needed to
let the user walk over a sufficiently wide workspace while most devices available on the market still lack
such features.

Obijective: The primary objective of this study was the integration of a multidirectional BWS system for
overground training — namely the FLOAT system (developed by Lutz Medical Engineering together with
University Hospital Balgrist and Zurich ETH) — with a light-weight, portable active orthosis for hip
flexion/extension assistance — namely the Active Pelvis Orthosis (APO, developed at The Biorobotics
Institue of Scuola Superiore Sant’Anna of Pisa. The mechatronic description of its prior tethered version is
reported in [2]). Integration of the two systems provides an attractive solution for OGT implementation,
given the unique features of the two devices.

Advantages: Differently from other multidirectional BWS systems, the FLOAT supports gait with a high
degree of transparency, transmitting only a pure vertical force, thanks to a mechanical design which
minimizes the moving parts of the robot [3]. Such freedom of movement, and the availability of augmented
reality scenarios, accounts for the implementation of a number of different rehabilitation paradigms — such as
stairs climbing and descending, obstacle avoidance, balance training, sit-to-stand and stand-to-sit tasks — that
are not allowed in any other existing device. On the other side, the APO exhibits key features that make this
device appealing for rehabilitation purposes. In addition to light weight and full portability, the APO has a
highly flexible control architecture that, together with Series Elastic Actuation, accounts for the chance of
implementing cooperative assistive strategies. Such control strategies support patient’s movements in a
cooperative fashion rather than moving his/her limbs along fixed predetermined trajectories, and this “assist-
as-needed” approach is believed to maximize the benefits of the treatment.

Approach: Integration of the systems was carried out in collaboration with the Ecole Polytechnique
Fédérale de Lausanne (EPFL) and implemented at the premises of the Centre Hopitalier Universitaire
Vaudois (CHUV) of Lausanne, where the FLOAT system is physically mounted. At a primary stage,
communication between the two systems was enabled through a tethered connection, so that analog signals
could be exchanged in real time in order to: (i) supply additional position or torque control signals for the
orthosis; (ii) provide triggers for either assistive or disturbance torques; (iii) share one or more variables
between the two systems; (iv) share a synchronization signal between the FLOAT and the APO for offline
alignment of the recorded data. Then, specific, additional control strategies for the APO were developed to
implement different rehabilitation paradigms such as impedance control, disturbance triggering and a hybrid
position-torque control strategy to assist hemiparetic gait.

Experiments and results: Testing of the overall system was performed. To this extent, it was investigated
whether the assistive torque provided by the exoskeleton could compensate for the alterations of gait
parameters caused by body weight unloading. For high levels of unloading, maintaining uniform gait
becomes challenging. Walking with BWS results in significant variations of gait biomechanics, that should
be compensated in order to provide the patient with appropriate sensory cues for effective restoration of the
locomotor function [4]. A set of experimental conditions with four different levels of BWS were recorded for
five healthy volunteers; for each BWS level, the APO was used once in transparent mode and once under
assistive mode. A phase-locked feed-forward cooperative assistive strategy that assists hip motion during
flexion was chosen, in order to increase the maximum flexor peak of the hip angle, which was observed to be
decreased for growing levels of BWS. Experimental results provided interesting insight on the application of
an assistive torque to overground walking with considerable amounts of body weight support. Results
demonstrated good interplay between the systems and proved feasibility of studies exploiting combined
assistance of the two devices.
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